Tool Wear and Chip Characteristics during Dry Turning of Inconel 825  by Thakur, A. et al.
 Procedia Materials Science  5 ( 2014 )  2169 – 2177 
Available online at www.sciencedirect.com
2211-8128 © 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).







$7KDNXUD $ 0RKDQW\D 6*DQJRSDGK\D\D .30DLW\D
D'HSDUWPHQWRI 0HFKDQLFDO (QJLQHHULQJ 1DWLRQDO,QVWLWXWHRI7HFKQRORJ\5RXUNHOD  2GLVKD ,QGLD
$EVWUDFW
1LFNHOEDVHG VXSHU DOOR\V DUH ZLGHO\ XWLOL]HG LQ HQJLQHHULQJ DSSOLFDWLRQV HVSHFLDOO\ LQ WKH DHURVSDFH VHFWRUV 2QH VXFK DOOR\
EHORQJLQJWR1LFNHOEDVHGIDPLO\ZKLFKKDVEHHQH[WHQVLYHO\XVHGE\WKHUHVHDUFKHUVIRUWKHVWXG\ RIPDFKLQDELOLW\LV,QFRQHO
5HFHQWO\,QFRQHOZLWKPXFKVXSHULRUUHVLVWDQFHWRFRUURVLRQWKDQ,QFRQHOLVRI OLWWOHDWWHQWLRQWRUHVHDUFKHUV7KH
KLJK FRUURVLRQ UHVLVWDQFHSURSHUW\RI ,QFRQHO  ILQGV LWV DSSOLFDWLRQ LQ FKHPLFDO SURFHVVLQJ QXFOHDU IXHO UHSURFHVVLQJ DFLG
SURGXFWLRQ DQG SLFNOLQJ HTXLSPHQW DSDUW IURP LWV JHQHUDO DHURVSDFH LQGXVWULHV +RZHYHU QRW PXFK UHVHDUFK ZRUN KDV EHHQ
UHSRUWHGRQ,QFRQHO 7KHSUHVHQWZRUNLQYHVWLJDWHV WKHHIIHFW RIFXWWLQJVSHHGRQWRROZHDUDQGFKLSFKDUDFWHULVWLFVGXULQJ
GU\ WXUQLQJ RI ,QFRQHO  ZLWK XQFRDWHG DQG SK\VLFDO YDSRXU GHSRVLWLRQ 39' PXOWLOD\HU FRDWHG 7L17L$O1 FHPHQWHG
FDUELGHLQVHUWV 7KHPDFKLQLQJZLWK39'PXOWLOD\HUFRDWHGLQVHUWUHVXOWHGLQEHWWHUWRROZHDUSHUIRUPDQFH
  7KH$XWKRUV3XEOLVKHGE\(OVHYLHU /WG
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI 2UJDQL]LQJ&RPPLWWHHRI$00(
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PDQXIDFWXULQJRI DLUFUDIW WXUELQHV VWHDP WXUELQHVSRZHUSODQW UHFLSURFDWLQJ HQJLQHVPHGLFDO DSSOLFDWLRQVPHWDO
SURFHVVLQJVSDFHYHKLFOHVKHDWWUHDWLQJHTXLSPHQWFKHPLFDODQGSHWURFKHPLFDOLQGXVWULHVQXFOHDUSRZHUV\VWHPV
SROOXWLRQ FRQWURO HTXLSPHQW DQG FRDO JDVLILFDWLRQ DQG OLTXHIDFWLRQ V\VWHPV &KRXGKXU\ DQG (O%DUDGLH
7KHUHIRUH LW QHFHVVLWDWHV VWXG\LQJPDFKLQDELOLW\ DVSHFWV RI VXFK DOOR\V LQRUGHU WR LQFUHDVHERWKSURGXFWLYLW\ DQG
TXDOLW\LQWKHDERYHVHFWRUV,QDELOLW\WRVXVWDLQDWKLJKWHPSHUDWXUHPDNHVDOXPLQLXPDQGVWHHOXQVXLWDEOHIRUDHUR
HQJLQHVDQGRWKHUKLJKWHPSHUDWXUHDSSOLFDWLRQV $UXQDFKDODP 	 0DQQDQ  (]XJZX HWDO  (]XJZX HW
DO  (]XJZX  
7RRO ZHDU DQG FKLS FKDUDFWHULVWLFV DUH WZR RI LPSRUWDQW LQGLFHV RI PDFKLQDELOLW\ 'XULQJ WKH PDFKLQLQJ
RSHUDWLRQ FKLS IRUPDWLRQ SOD\V D YHU\ YLWDO UROH VLQFH LW JLYHV DQ LQGLUHFW PHDVXUHPHQW RI VSHFLILF HQHUJ\
UHTXLUHPHQW&RQVLGHUDEOHLPSURYHPHQWLQVXUIDFHURXJKQHVV DVZHOODV WRROOLIHZDVREVHUYHGZLWKSURSHUKDQGOLQJ
RIFKLS %KDWW/LDRDQG6KLXH7KHUHIRUH LW LV LPSRUWDQW WRDQDO\VH WKHFKLSFKDUDFWHULVWLFVDQGFKLS
PRUSKRORJ\9DULRXVLQYHVWLJDWLRQVZHUHFDUULHGRXWWRVWXG\ FKLSFKDUDFWHULVWLFV7UDQVLWLRQRIFRQWLQXRXVFKLSDW
ORZFXWWLQJVSHHG WRVDZWRRWKW\SHFKLSZDVREVHUYHGDWKLJKFXWWLQJFRQGLWLRQ 7KDNXUHWDO D ([SHULPHQWV
ZHUHDOVR FDUULHGRXWWRLQYHVWLJDWH WKHHIIHFWRIKLJKSUHVVXUHFRRODQWRQFKLSIUDJPHQWDWLRQGXULQJWKHPDFKLQLQJ
RI,QFRQHO 0DFKDGRHWDO  7RROZHDULVDQRWKHUDVSHFWRIHYDOXDWLQJWKHSHUIRUPDQFHRIPDFKLQLQJ,Q
RUGHUWRJHWKLJKSHUIRUPDQFHRIDQ\WRROGXULQJPDFKLQLQJ MXGLFLRXVVHOHFWLRQRIFXWWLQJWRROFXWWLQJSDUDPHWHUV
W\SHRIFRDWLQJPDFKLQLQJHQYLURQPHQWGU\RUZHWVKRXOGEHPDGH 7KHSUHIHUUHGFXWWLQJWRROIRUWKHPDFKLQLQJ
RI1LFNHOEDVHG VXSHUDOOR\ LV FHPHQWHG FDUELGH WRRO VXVWDLQLQJ KLJK WHPSHUDWXUH JHQHUDWHG DW FKLSWRRO LQWHUIDFH
(]XJZX 5HFHQWO\YDULRXVFHUDPLFWRROVZHUHXVHGE\GLIIHUHQWUHVHDUFKHUVWRLPSURYHWKHWRROSHUIRUPDQFH
DW KLJK FXWWLQJ VSHHG 5LFKDUGV DQG $VSLQZDOO  'LIIHUHQW WRRO ZHDU PHFKDQLVP ZDV SURSRVHG E\ VHYHUDO
UHVHDUFKHUVGXULQJWXUQLQJRI,QFRQHOPRVW GRPLQDWLQJWRROZHDUEHLQJQRWFKLQJIODQNZHDUDQGGHSWKRIFXW






.DPDWD DQG2ELNDZD  2ELNDZDHWDO &XWWLQJSDUDPHWHUVGRSOD\DYLWDOUROHLQLQIOXHQFLQJWKHWRRO
ZHDURUWRROSHUIRUPDQFHGXULQJPDFKLQLQJ&XWWLQJVSHHGDQGIHHGUDWHZHUHIRXQGWREHPRVWGRPLQDWLQJIDFWRU
GXULQJWXUQLQJRI,QFRQHO +DP 8QFRDWHGWRROSHUIRUPHGEHWWHUDW ORZFXWWLQJVSHHGDQGLQWHUPHGLDWH
IHHGUDWHZKLOHPXOWLOD\HUFRDWHGWRROSHUIRUPHGEHWWHUDWKLJKFXWWLQJVSHHGDQGORZIHHGUDWHGXULQJWKHPDFKLQLQJ
RI,QFRQHO %KDWW 
7KH SUHYLRXV UHVHDUFKHUVPRVWO\ IRFXVHG RQPDFKLQLQJ VWXG\ RI ,QFRQHO ZLWK UHVSHFW WR GLIIHUHQW FXWWLQJ
WRROVDQGDWYDULRXV FXWWLQJFRQGLWLRQV,QFRQHOLVDQRWKHU PHPEHURIWKH JURXSRI1LFNHOEDVHGVXSHUDOOR\V ZLWK
VXSHULRUFKHPLFDOFRUURVLRQDQGR[LGDWLRQUHVLVWDQFHWKDQWKDW RI,QFRQHO+HQFH ,QFRQHOILQGVDSSOLFDWLRQ
PRVWO\ LQ QXFOHDU IXHO SURFHVVLQJ SROOXWLRQ FRQWURO HTXLSPHQW RLO 	 JDV ZHOO SLSLQJ FKHPLFDO SURFHVVLQJ DFLG




















GU\ WXUQLQJRI ,QFRQHO XVLQJ XQFRDWHGDQG 39'PXOWLOD\HU FRDWHGFHPHQWHGFDUELGH LQVHUWV)LJ VKRZV WKH
SKRWRJUDSKRIH[SHULPHQWDOVHWXSIRUWXUQLQJ RSHUDWLRQ RI,QFRQHO
)LJ 3KRWRJUDSK RI([SHULPHQWDO6HWXSIRU7XUQLQJRI,QFRQHO
 &XWWLQJ SDUDPHWHUV FXWWLQJ WRRODQG WRRO KROGHU
7KHH[SHULPHQWZDVFRQGXFWHGLQGU\HQYLURQPHQWZLWKWZRGLIIHUHQWFXWWLQJVSHHGV DQGPPLQ DWD
FRQVWDQWIHHGUDWH RIPPUHYDQGGHSWKRIFXWRIPP 8QFRDWHGDQG FRPPHUFLDOO\DYDLODEOH39'PXOWLOD\HU
7L17L$O1 FRDWHG FHPHQWHGFDUELGHLQVHUWVZLWK WRROGHVLJQDWLRQ RI 610*0DNH6(&2ZHUHXVHG
ZLWK WKH WRRO KROGHU RI ,62 36%15  . 0DNH:,',$ ,QGLD 0DFKLQLQJ RSHUDWLRQV ZHUH FDUULHG RXW
SURJUHVVLYHO\ZLWKGLIIHUHQWGXUDWLRQVXVLQJERWKXQFRDWHGDQGFRDWHGWRROV
 0HDVXUHPHQWRI WRRO ZHDU DQG FKLSPRUSKRORJ\
$VFDQQLQJHOHFWURQPLFURVFRSH 6(00DNH-(2/-60DQGDVWHUHR]RRPPLFURVFRSH 0DNH5DGLFDO
,QVWUXPHQWV ZHUHXVHG WRDQDO\VH WKH WRROZHDU DQGFKLSPRUSKRORJ\
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 &KLS WKLFNQHVVUDWLRU
$QRWKHUDVSHFWRIFKLSWKDWZDV DQDO\VHG LV FKLS WKLFNQHVV UDWLR &KLS WKLFNQHVV UDWLR LV GHILQHG DV WKH UDWLRRI
XQFXWFKLSWKLFNQHVVWRWR FXW FKLSWKLFNQHVVWFDVVKRZQLQ HTXDWLRQ&KLSWKLFNQHVVZDVPHDVXUHGZLWKWKHKHOS





ZKHUH WR  IVLQĭ
ZKHUHĭLV WKH DSSURDFKDQJOHRI WKH WRROV DQGLWVYDOXHLV
 5HVXOWV DQG'LVFXVVLRQ
 &KLS PRUSKRORJ\
)LJ VKRZV WKH RSWLFDO PLFURVFRSLF LPDJHV RI FKLS ZLWK SURJUHVVLRQ RI WKH PDFKLQLQJ GXUDWLRQ DW GLIIHUHQW
FXWWLQJVSHHGV RIDQG PPLQ XVLQJ XQFRDWHGDQG 39' FRDWHG FDUELGH LQVHUWV ,WZDV QRWHGWKDWDVPDFKLQLQJ
GXUDWLRQLQFUHDVHG IURP WRPPLQ FRQWLQXRXVFKLSV ZLWKODUJHFXUOUDGLL ZHUH IRUPHG ZKLOHPDFKLQLQJ ZLWK
XQFRDWHG FDUELGH LQVHUWV 6LPLODU REVHUYDWLRQZDV QRWHGZKHQ FXWWLQJ VSHHG ZDV LQFUHDVHG 7HNLQHU	<HVLO\XUW
7KLV FDQ EH DWWULEXWHG WR KLJK WRRO ZHDU UDWH RI XQFRDWHG FDUELGH LQVHUWV ZLWK SURJUHVVLRQ RI PDFKLQLQJ
GXUDWLRQ DVZHOO LQFUHDVH LQ FXWWLQJ VSHHG :KHUHDV LQ FDVH RI 39'PXOWLOD\HU FRDWHG WRROV WKH FKLSV IRUPHG DW
LQLWLDOGXUDWLRQRIPDFKLQLQJZDVRIVHJPHQWHGIRUPEXWDVPDFKLQLQJGXUDWLRQSURJUHVVHVWKHFKLSEHFRPHORQJDQG
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)LJ 2SWLFDOPLFURVFRSLF LPDJHVRIFKLSVZLWK SURJUHVVLRQRI PDFKLQLQJ GXUDWLRQIRUGLIIHUHQWFXWWLQJVSHHGRI DQG PPLQIRU
XQFRDWHGDQGFRDWHGLQVHUW
 &KLS WKLFNQHVV UDWLR
7KH FXWWLQJ SDUDPHWHUV KDYH VLJQLILFDQW LQIOXHQFH RQ WKH FKLS WKLFNQHVV UDWLR )LJ GHSLFWV WKH HIIHFW RI
PDFKLQLQJGXUDWLRQDWWZRGLIIHUHQWFXWWLQJVSHHGVRQWKHFKLSWKLFNQHVVUDWLRGXULQJ GU\PDFKLQLQJRI,QFRQHO
ZLWKXQFRDWHGDQGFRDWHGLQVHUW $V WKHPDFKLQLQJGXUDWLRQ SURJUHVVHG WKHFKLSWKLFNQHVVUDWLRGHFUHDVHG IRU ERWK
FXWWLQJVSHHGV DQGPPLQ,WFDQEHGXHWRWKHIDFWWKDW ZLWKWKHSURJUHVVLRQRI PDFKLQLQJGXUDWLRQWKHWRRO
ZHDULQFUHDVHV WKHUHE\JHQHUDWLQJ KLJK FKLS WKLFNQHVV,WZDVDOVRREVHUYHGWKDW FKLSWKLFNQHVVUDWLRLQFUHDVHGZLWK
LQFUHDVHLQ FXWWLQJ VSHHG 7KDNXUHWDO E7KLVRFFXUUHG GXHWRGHFUHDVHLQIULFWLRQDWWRROFKLSLQWHUIDFHVZLWK
LQFUHDVH LQ FXWWLQJ VSHHG ZKLFK LQ WXUQ UHGXFHV VKHDU GHIRUPDWLRQ RU FKLS WKLFNQHVV 7KH PXOWLOD\HU 7L17L$O1
FRDWHGWRRO ORZHUVWKHIULFWLRQDWWKHFKLSWRROLQWHUIDFHUHVXOWLQJLQOHVVGHIRUPDWLRQRIFKLSWKDQWKDWRIXQFRDWHG
WRROKHQFHUHVXOWLQJLQKLJKFKLSWKLFNQHVVUDWLRRIFRDWHGWRROV
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)LJ*UDSKSORWWHG EHWZHHQPDFKLQLQJGXUDWLRQDQGFKLSWKLFNQHVVUDWLRDWFXWWLQJVSHHGRI D PPLQ DQG EPPLQXVLQJXQFRDWHGDQG
PXOWLOD\HU FRDWHGLQVHUWV
 6WXG\RI WRRO ZHDU
7RROZHDU GXULQJGU\PDFKLQLQJRI,QFRQHOZLWKERWKXQFRDWHGDQGFRDWHGFDUELGHLQVHUWVZHUHFKDUDFWHULVHG
E\ FUDWHU DQG IODQNZHDUZKLFKZHUH LQYHVWLJDWHG XVLQJRSWLFDOPLFURVFRS\ )LJ VKRZV WKHRSWLFDO PLFURVFRSLF
LPDJHVRI'YLHZRIERWKUDNHVXUIDFHDVZHOODVIODQNVXUIDFHRIWKHXQFRDWHGDQGFRDWHGFDUELGHLQVHUWVZLWKWKH
SURJUHVVLRQRIWKHPDFKLQLQJGXUDWLRQIRUGLIIHUHQWFXWWLQJVSHHGV,WLVHYLGHQWWKDW ZLWK LQFUHDVH LQ FXWWLQJVSHHG DV
ZHOODVZLWKSURJUHVVLRQRI PDFKLQLQJGXUDWLRQ WKH WRRO ZHDU LQFUHDVHV 7KDNXUHWDO EIRU ERWKXQFRDWHGDQG



























)LJ  2SWLFDOPLFURVFRSLF 'LPDJHVRIUDNHDQGIODQNVXUIDFH ZLWKPDJQLILFDWLRQ;RIXQFRDWHGDQGFRDWHGLQVHUWVGXULQJWKHPDFKLQLQJ
RI,QFRQHOZLWK YDULDEOHPDFKLQLQJGXUDWLRQDQGFXWWLQJVSHHGRI D DQG E PPLQ
7KH JURZWK RIDYHUDJHIODQNZHDUZLWKPDFKLQLQJGXUDWLRQIRUGLIIHUHQWFXWWLQJVSHHGVLVUHSUHVHQWHGLQ)LJ ,W
LV HYLGHQW WKDW WKH IODQNZHDU LQFUHDVHV DV ZLWK PDFKLQLQJ GXUDWLRQ XVLQJ XQFRDWHG DQG FRDWHG WRROV DW GLIIHUHQW
FXWWLQJ VSHHGV 2QH FDQ DOVR FRQFOXGHE\FRPSDULQJ)LJ  DDQGE WKDW WKH IODQNZHDUDW FXWWLQJ VSHHGRI
PPLQLVKLJKHUWKDQWKDWRIDWPPLQIRUERWKXQFRDWHGDQGPXOWLOD\HU 39'FRDWHGFDUELGHLQVHUWV([SODQDWLRQ
FDQEHJRYHUQHGZLWKKLJKKHDWJHQHUDWLRQZLWK WKH LQFUHDVHLQFXWWLQJVSHHGUHVXOWLQJLQ HQKDQFHG WRROZHDUUDWH
7KHFRDWHGWRROSHUIRUPHGZHOODVFRPSDUHGWRXQFRDWHGWRRODWERWKFXWWLQJVSHHGV )LJVKRZV 6(0LPDJHVRI
UDNH VXUIDFHRI WRROZHDU IRU XQFRDWHG DQG FRDWHG LQVHUWV DW FXWWLQJ VSHHGRI PPLQ DIWHU  V RIPDFKLQLQJ
GXUDWLRQ 'HHSFUDWHUZHDULVFOHDUO\YLVLEOHRQWKHUDNHVXUIDFHRI WKH XQFRDWHGWRRO





)LJ 6(0LPDJHVRIUDNHVXUIDFHRIWRROZHDUIRUXQFRDWHGDQGFRDWHGLQVHUWVDWFXWWLQJVSHHG RIPPLQ DIWHU VRIPDFKLQLQJGXUDWLRQ
 &RQFOXVLRQV
7KHSUHVHQWUHVHDUFKZRUNLQYHVWLJDWHG WKHHIIHFWRIFXWWLQJVSHHGRQFKLS FKDUDFWHULVWLFVDQGWRROZHDUGXULQJGU\










x ,W LV WKHUHIRUHUHFRPPHQGHG WRXVHFRDWHGFDUELGH LQVHUWV IRUPDFKLQLQJ ,QFRQHO DW KLJKYHORFLW\IRU
EHWWHUWRROSHUIRUPDQFH DVZHOODV SURGXFWLYLW\
5HIHUHQFHV
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$UXQDFKDODP50DQQDQ0$0DFKLQDELOLW\RIQLFNHOEDVHGKLJKWHPSHUDWXUHDOOR\V0LQ6FL7HFKQRO±
%KDWW $ $WWLD + 9DUJDV 57KRPVRQ 9  :HDU PHFKDQLVPV RI :& FRDWHG DQG XQFRDWHG WRROV LQ ILQLVK WXUQLQJ RI ,QFRQHO
 7ULERORJ\,QWHUQDWLRQDO 
&KRXGKXU\ ,$ (O%DUDGLH 0$  0DFKLQDELOLW\ RI QLFNHOEDVH VXSHU DOOR\V D JHQHUDO UHYLHZ -RXUQDO RI 0DWHULDOV 3URFHVVLQJ
7HFKQRORJ\ 




(]XJZX (2 %RQQH\ - <DPDQH <  $Q 2YHUYLHZ RI WKH 0DFKLQDELOLW\ RI $HURHQJLQH $OOR\V -RXUQDO RI 0DWHULDOV 3URFHVVLQJ
7HFKQRORJ\±
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3HUIRUPDQFHRI39'7L17L&1DQG7L$O1 &RDWHG &HPHQWHG &DUELGH
7RROVLQ 7XUQLQJ ,QWHUQDWLRQDO-RXUQDORI5HIUDFWRU\0HWDOVDQG+DUG0DWHULDOV 
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